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	Summary and purpose of document
This document provides a summary of the utility of Regional Pyrheliometer Comparisons over the last decade and provides a way forward for the use of these and other comparisons and other methods to assist in provision of traceable solar radiation by Members to the World Radiation Data Centre.


Action proposed

The Management Group is invited to note the report below and act on the recommendations provided.
________________
Procedures for Organizing Regional Pyrheliometer Intercomparisons
1. INTRODUCTION

1.1 In essence Regional Pyrheliometer Comparisons (RPC) are WMO sanctioned pyrheliometer comparisons that should provide the mechanism within CIMO to provide the ‘continuous chain of comparisons’ necessary for traceability of solar energy measurements to the WRR (and hence SI units). They are an enabling mechanism for the WMO community to provide traceable solar energy measurements. RPCs are intimately tied to a Regional Radiation Center (RRC); there cannot be a RPC without a sponsoring RRC. For the purposes of this discussion a RPC is defined as a comparison, other than at an International Pyrheliometric Comparison (IPC), held by an RRC. Ideally a RPC would bring together the instruments from Regional Radiation Centers (RRC) and national radiation centers (NRC) of a WMO Region, as well as some instruments of the World Standard Group (WSG) of the World Radiometric Reference (WRR), perform a comparison and then provide calibrations for the NRC or other Member instruments. These calibrated instruments can then be used to calibrate or verify measurements in the Member solar monitoring networks. 

1.2 Participation of NRC instruments at RPCs increases the likelihood that the solar data being delivered to the World Radiation Data Centre (WRDC) are traceable to the WRR.  RPCs also provide the necessary logistics to improve national and Region capability and capacity through training opportunities and equipment repair.  RPCs also provide international peer interaction and knowledge dispersion.  
1.3 To assist in the process of maintaining traceability the CIMO Guide Annex 7.C (Annex 7C for the rest of this report) stipulates the requirements related to the World Radiation Center (WRC), RRCs, NRCs. Since the 1990s the CIMO community has become concerned with the drop in frequency of RPCs. At IPC-IX the ad hoc group established during IPC-IX prepared an information document entitled “International and Regional Pyrheliometer Comparisons – some proposals for their organization” (which is in the IPC-IX report) that provided recommendations to assist in improving the frequency and performance of RPCs. However, in 2005 at IPC-X the situation had not improved and most concerning to that IPC’s ad hoc group was the non-attendance of one Region’s RRC. Again in 2010, while IPC-XI was extremely successful, that IPC’s ad hoc panel again expressed concern that only one RPC had been held since 2005.

1.4 At the last CIMO Management Group meeting it was decided to examine the issues directly related to the future of RPCs and by implicit need the future of RRCs. In researching on this matter it was clear the overarching issue of whether RPCs was seen as ‘the’ mechanism for ensuring traceability. This report provides a brief overview of RPCs and then lists possible reasons for current low number of RPCs, and then examines the way forward and proposes some strategic actions that should assist the WMO community to provide traceable solar energy measurements.  
2. INFRASTRUCTURE FOR  RPCs
2.1 Prior to this century CIMO established the traceability framework for solar energy measurements. It established the WRC (Davos, Switzerland), and invited Regional Associations to nominate their Members as RRCs. Since their establishment by self-nomination, the number of centres has remained static, and these centres are listed in Annex 7C; there are 22 Regional Radiation Centers (RRCs) in six Regional Associations. The WRC, RRCs and NRCs provide a natural hierarchy of centers to provide the infrastructure for a traceability hierarchy. 
2.2 Annex 7C provides the recommended traceability mechanism for solar energy measurements, stating the roles of the various centres and frequency of calibrations. In summary, a RRC should attend a WMO sanctioned comparison every 5 years to calibrate a representative instrument of their standard group of instruments and between IPCs, NRCs centres should calibrate a representative instrument of their standard group against a RRC standard instrument. The CIMO Guide states that RPC are designated by a Regional Association to serve as a centre for intraregional comparisons; in essence this is interpreted as meaning a RRC should hold a RPC.
2.3 Since 2000 there have been five RPCs as defined above in paragraph 1.1. Between 2000 and 2002 there were three RPCs (in Japan, Sweden, Russia) but without representation by a WSG instrument. Since 2002 there have been two RPCs, one in 2007 and most recently in 2012, both organised by the Japanese RRC.

2.4 Ideally between IPC-IX in 2000 and IPC-XI in 2010, there should have been a minimum of 12 RPCs with WSG representation. The reality is there was only one. However, if we interpret an RPC as any WMO sponsored comparison (including those held concurrently at an IPC) where more than one RRC of a Regional Association attend then there have been at least 16 RPCs.

2.5   The concern in CIMO about the lack of RPCs is rightly focussed on the issue of NRCs having the opportunity or being required to attend an RPC, and hence maintain traceability to the WRR for their solar observations, and that RPCs are performing their role within the traceability hierarchy established by CIMO. It is the issues directly related to those concerns that are discussed in the remainder of the document.
3. POSSIBLE REASONS FOR THE LOW NUMBER OF  RPCs
3.1 The RPCs are a natural consequence of the traceable hierarchy established by CIMO and the methods and processes described in Annex 7C in the world circumstances that led to their establishment last century. It was a time when established uncertainty requirements for measurements were considerably larger than produced by good network practice today. Similarly, national boundaries were far more restrictive than at present and international travel was relatively expensive. Those conditions are largely gone in the modern world, and as a consequence national meteorological organizations have adapted their traceability paths to suit today’s measurement milieu. But do those changed practices sit well with CIMO?

3.2 Prior to the 1980s the dominant solar energy measurements were for global and diffuse solar exposure measured by pyranometers. The Members provided half hourly and daily solar exposure data to the WRDC. The purpose of RPCs was to provide traceability of these measurement to the WRR (or its predecessor the IPS-1956) using pyrheliometers, but noting that the calibration of pyranometers using pyrheliometers was difficult and resulted in a relatively high uncertainty (5% uncertainty for a daily total was considered good practice). However, by the end of the 1990s the dominant measurement of high to medium quality solar stations was automated direct solar exposure and diffuse exposure measurements to provide global solar exposure. This transformation was possible through the development and provision through commercial suppliers of very stable absolute standard pyrheliometers based on the principle of electrical power equivalence, development of stable all weather pyrheliometers and associated automated tracking mechanisms. This enabled those Members with the appropriate capacity to have automated pyrheliometers that were stable, easily verified and calibrated compared to the logistical elements required to calibrate pyranometers. As a result, the shift from a focus on global to direct solar measurements in the developed world, resulted in a shift away from the original purpose of  RPCs; ironically, the shift to direct measurements also enabled improved pyranometer calibrations. However, it meant that there was also a subtle shift in preference for RRCs only to accommodate RPCs. The rapid propagation of absolute cavity radiometers to NRCs meant also that NRCs could likely achieve the same uncertainties in pyrheliometry that were previously only the preserve of RRCs. 
3.3 Without doubt participation rates at IPCs have also reduced the perceived need to attend a  RPC by both RRC and NRCs . In the report for IPC-XI it states that IPC-XI ‘was held together with RPCs of all Regional Associations (I through IV)’, which should be interpreted as all Region Associations were represented at the IPC and Regions II, III, IV, V and VI were represented by all their respective RPCs, and hence for Regions I, II, II, IV and VI the IPC could be called a RPC for each of those Regions. 
3.4 At IPC-IX and IPC-X there were discussions on the possible attendees at future IPCs.  For example, should an IPC be restricted to WRC and RRC participants, or can NRCs, other international non-WMO centres, and commercial groups attend? The hosts of the IPC, PMOD where the WRC is accommodated, were supportive of a broad spectrum of participants provided the numbers were manageable. The former CIMO ET responsible for radiation traceability provided some guidelines for WRC/PMOD but issued no directives. As a result IPC-X and IPC-XI had over 80 participants and representation from 21 of the 22 RPCs and in 2010 22 NRCs; only one RPC did not attend IPC-XI. The direct impact of this participation rate was the lack of need of some RRCs and NRCs to attend a RPC and maintain traceability to the WRR; they had traceability to the WRR by attending an IPC. At IPC-XI, of the 22 NRCs that attended, 5 were from Region I, 3 from Region II, 1 from Region III, and 13 from Region VI.  Thus the IPC has taken on the role normally that would be associated with a RPC for 5 out of 6 Regional Associations; the only exception is Region V. 
3.5 In addition to the IPC, WRC/PMOD have provided ISO 17025 accredited commercial calibration services since 2004.  Members who require instruments calibrated and traceable to the WRR can do so through sending their instruments to WRC/PMOD in between IPCs.
3.6 IPCs and PMOD also provide a traceability link for manufacturers and commercial suppliers of instruments.  Major suppliers of pyranometers and pyrheliometers attend the IPC, or use WRC/PMOD calibration services.  A number of these suppliers have or are moving towards ISO certification or accreditation thus enabling NRCs and organisations within Member countries to obtain new instruments with traceable calibrations.

3.7 The WMO Region IV has the unique situation where a USA government agency the National Renewable Energy Laboratory (NREL) that has attended the last 4 IPCs, hosts a pyrheliometer comparison every two years and invites all comers. Instruments from the USA (NOAA, Boulder) and Canada RRCs are regular in attendees and some from Region III have attended or been invited to attend in the past. An instrument from the WSG (and scientist from WRC/PMOD) has participated in several NREL comparisons. While not having traceability through attendance of a WMO organised RPC, the Member participants could argue successfully that they still have traceability to the WRR through the NREL comparison, if they did not attend an IPC. This maybe the argued case is some NRCs of Region IV that no longer attend IPCs.
3.8 National policy and bureaucracy still plays a role in either supporting attendance, allowing attendance under certain conditions, or not allowing attendance. Evidence of this has been demonstrated in the attendance of the last IPCs, where two RRC could not attend the IPC-X in 2005, and one could not attend IPC-XI in 2010. Also customs policy in three Member countries meant that instruments were delayed arriving until the last week of the IPC. The impact of the not having an RRC’s instrument attend an IPC means that under the current CIMO Guide guidelines they do not have traceable instruments to hold a RPC or perform traceable calibrations for Members of a Region.
3.9 As the WRDC is prepared to accept solar radiation data without proof of traceability or a traceability statement, there is no barrier for countries without traceable measurements to continue submitting data.

3.10 Some Members are sending their instruments to an RRC for calibration without having to participate in a WMO-sponsored RPC. In some cases it is more convenient to program their sending of instruments to accommodate operational time tables and at relatively short notice. It also offers opportunities to monopolize the learning and training experience if the RRC is willing. If the RRC is traceable to the WRR then so would the ‘convenient’ calibration. 

3.11 In the case of Members where the instrument to be calibrated may be used regularly, sending it to an RRC or attending a  RPC for calibration may be perceived by some as detrimental to their climate record even though the resultant data would not be traceable. 
3.12 The cost of hosting a RPC and providing representation to a RPC can be prohibitive depending on the location. While the WMO Secretariat can provide some support to get participants to the venue, there is a significant resource cost for the host organisation in providing the facilities. 
3.13 In current economic times the cost and value to the organisation of attending a RPC or IPC must be considered.  For a successful comparison there must be sufficient samples, and solar comparisons are outdoors and subject to solar observing conditions. A minimum of 2 weeks and possibly 3 weeks (as for an IPC) would likely be the norm. One developed Member nation has required participants to supplement national funding with their personal funding to attend IPCs with the rationale being that such international comparisons are unnecessary to maintain a national measurement program.
3.14 Reducing the uncertainty of measurements from pyranometer-only based solar networks by using a pyrheliometer is difficult, particularly for countries using pre-1980s equipment.  These networks typically have uncertainties (if traceable) of the order of 5-10% of daily solar exposures. That type of uncertainty is now readily available from satellite–derived products. Some Members are now using these readily available products to either verify the operation of their ground based networks or use these satellite derived data than maintain ground based networks to achieve the same uncertainties.  Hence there is no reason to maintain a pyrheliometer in a NRC and attend a RPC to achieve the same perceived accuracies. 

3.15 The self-appointment of Members of a Regional Association as RRCs is now problematic from both a capability and capacity standpoint.  Some RRCs using the original solar energy measurement methods of the 1960s and 1970s are finding it difficult to provide traceable measurements, and certainly not to the uncertainty levels required now by the developed world. These Members are still using equipment from the 1950s and 1960s and there is no cost effective or fit for purpose opportunity that could be provided by a RPC at their center. At least one RRC has not attended the last two IPCs.
3.16 In summary there are a number of factors that could be perceived as reducing the need to either sponsor, hold, or attend a RPC. Clearly, when a high level of traceability is a requirement for some Members, ways will be found to achieve that traceability without attending a RPC. Where traceability is not of significant priority neither is either sponsoring or attending a RPC.

4. WAY FORWARD
4.1 Leaving aside the issue of traceability of solar measurements for the moment, there is a considerable case for continuing promoting of RRCs as hosting a RPC. Most importantly, they provide a significant opportunity for capability and capacity building both in radiation metrology and metrology in general. They also provide an appropriate venue for peer-to-peer and expert interaction.

4.2 RRCs are usually closely linked to or imbedded within WMO Regional Instrument Centers (RIC).  Hence to some extent the training and capability building in radiation metrology could be linked to training opportunities at RICs.

4.3 In the case of solar energy traceability, is it necessary that the set of comparisons that make up the traceability chain are WMO-sponsored or sanctioned RPCs? Comparisons and/or calibrations performed by ISO accredited centers can provide a valid traceability path to the WRR (and hence SI). The key traceability issues for CIMO should be whether the resultant network data submitted to national and international data archives are traceable to the WRR in a metrological sense and the uncertainties are fit for purpose, and whether the RRCs are fit for purpose.
4.4 The current infrastructure for measurement traceability is based on self-appointed Regional Association centers without any need to demonstrate they have either the capacity or capability to assist Members achieve traceability. At least one RRC failed to participate in the last two IPCs and evidence suggests some RRCs do not have the equipment capable of satisfying even the most basics of requirements in Annex 7C. And yet they remain RRCs.  Do these RRCs still have the capacity and capability to be RRCs given that many have never had to demonstrate that they can provide the metrology necessary to sustain traceability in their Region?

4.5 Other RRCs attended the IPCs; so do a significant number of the NRCs in particular Region, notably Region VI. Do the RRCs in Region VI that attend an IPC still function as RRCs in providing comparison calibration services to the Region, or are just now performing the tasks normally associated with a NRC?

4.6 Current acceptable practice using Annex 7C implies that a RRC need not attend an IPC, only a RPC to maintain traceability to the WRR. However, in reality over 95% of RRCs attend each IPC. For those rare RRCs that cannot attend an IPC the only method they have of maintaining traceability is to attend a RPC in their Region (or another Region) or send their instruments to a center that can provide them the necessary traceability. But how many RRCs that have not participated recently in an IPC since 1999 have traceable instruments? Should they still be designated as a RRC?   

4.7 At the last CIMO, centers of excellence and testbeds were nominated by members and underwent an assessment to determine if they had the capability and capacity to ensure they were fit for purpose in CIMO. Perhaps a similar but less rigorous process should be applied to enable a center to continue to be a CIMO designated RRC; namely a process that documents and provides evidence that a center is performing as an effective RRC for the Region, but without the requirement to attend or sponsor a multi-member RPC. Instead to be re-endorsed as a RRC they could provide evidence at CIMO that they conform to the required infrastructure and activities for an RRC during the previous CIMO inter-sessional period. One required activity being that in between their attendance of an IPCs (and not at an IPC) in the last five years the center has provided a calibration service to at least one NRC or Member of the relevant Region (other than themselves); that is they demonstrate they are providing a service to the Region and maintaining their expertise to perform calibrations.  If they are not providing those services, why should they remain a CIMO designated RRC?
4.8 The ability to submit data to the WRDC without demonstrated traceability to the WRR through the processes outlined in Annex 7C seems anomalous given the WMO (and hence WIGOS) strategy on traceability. A method to remove this anomaly could be a two-step process, namely to require (a) the WRC and all RRCs provide information to CIMO on any calibrations and their date for a NRC or Member, and (b) WRDC not archive data from those Members that do not have a WRR traceable calibration within 5 years of the date of the measurements. 
5. RECOMMENDATIONS

5.1 It is recommended that,

(a) CIMO continues to endorse the WRC/PMOD and its hosting of the IPCs and its activities associated with solar radiometric traceability;
(b) CIMO encourages current RRCs to maintain their status within CIMO through adherence to the guidelines Annex 7C;

(c) CIMO encourages the capability and capacity functions of the Regional Instrument Centres to have sessions on radiation metrology and traceability;

(d) in regard to RRCs,  Annex 7C  of the CIMO Guide should be modified to require a RRC to either hold a  RPC (not at an IPC) or calibrate at least one solar instrument from a Member of the Region between IPCs;
(e) each Regional Association’s RRC be endorsed for the next CIMO inter-sessional period at CIMO only after the Regional Association provides evidence that each RRC conforms to the processes in the Annex 7C (especially (d) above);
(f) CIMO and WMO continues to encourage RRCs to hold RPCs and accepts any other comparison that can demonstrate it provides traceability to the WRR for a Member; and

(g) CIMO liaises with GAW and the WCRP to ensure that future solar data archived in the WRDC are traceable to the WRR.  

________________________________
